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TEMPERAMENT DIFFERENCES DURING THE FIRST YEAR OF LIFE IN 
INFANTS AT HIGH-RISK FOR AUTISM SPECTRUM DISORDER 
KELSEY HARDIMAN 
ABSTRACT 
 With the growing number of children who receive a diagnosis of Autism 
Spectrum Disorder (ASD), there is an increasing need to identify risk markers that will 
allow for earlier diagnosis of this disorder. Since no single atypical behavior has been 
found that is shared by all 12-month-old infants who are later diagnosed with ASD, it is 
likely that a constellation of markers combine in a way that is more predictive of outcome 
at this age. Establishing a Cumulative Risk Index (CRI) is one way to investigate which 
combination of early risk markers is most predictive of later ASD diagnostic outcome.  
Temperament is one construct of behavior that could act as an early risk marker 
for ASD and therefore, could add predictive power to a CRI for this disorder. 
Temperament is defined as a “behavioral style” that includes individual differences in 
reactivity and self-regulation and emphasizes emotional, attentional and activity related 
characteristics. Another important aspect of temperament is that it exerts bidirectional 
influences upon the social environment. Therefore, the study of temperament could 
provide a method for understanding how children with ASD influence and are influenced 
by the environment of a testing session. Though important information has been collected 
about early temperament in children with ASD, much of the data is limited due to its 
dependence on retrospective and parent-report measures. One measure that allows for 
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direct assessment of temperament during a controlled testing session is the Infant 
Behavior Record (IBR).  
The purpose of this study is to investigate early temperament in ASD by using the 
IBR as an assessment of temperament behaviors in high-risk 12-month old infants. 
Through this, we hope to reveal group differences in IBR scores, establish a relationship 
between temperament scores and cognitive test performance, and increase predictive 
value of the CRI when IBR scores are included. 
For this study, a revised version of the IBR was filled out while watching video 
record of the administration of the Mullen Scales of Early Learning (MSEL) at an 
infant’s 12-month lab visit. Scores for the IBR reflected the examiner’s impressions of 
the infant’s orientation to objects and people and emotional state.  
Through using the IBR to study task orientation (TO), affect/extraversion (AE) 
and activity level (AL) in high-risk infants, this study found that only decreased AE 
behaviors distinguished high-risk infants who went on to develop ASD (HRA+ASD) 
from high-risk infants who did not receive an ASD diagnosis (HRA-ASD) (p=.08). To 
determine the relationship of temperament and cognitive assessment performance, IBR 
scores were compared to MSEL scores. This study found that across all participants, TO 
and AE behaviors were positively correlated with MSEL scores (AE rs=.27, p<.001; TO 
rs=.37, p<.001). This relationship remained true for both the high-risk (AE rs=.20, 
p<.001; TO rs=.23, p<.001) and the low risk groups (AE rs=.32, p<.001; TO rs=.54, 
p<.001), as well as for the HRA-ASD infants (AE, trend, p=.057; rs=.24, p<.001; TO 
rs=.459, p<.001), and the low-risk infants who did not go on to receive a diagnosis of 
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ASD (AE rs=.35, p<.001; TO rs=.47, p<.001). The only group in this study that was found 
to have no correlations between temperament scores and MSEL scores was HRA+ASD. 
Since only AE behaviors distinguished HRA+ASD infants, this was the only IBR factor 
added to a pilot model of the CRI. This study found that the inclusion of AE to a pilot 
model of the CRI did not add significant predictive value to the model (p=.15). 
 Through using the IBR to investigate temperament in HRA infants, the findings 
of this study suggest that there are some important differences in temperament behaviors 
for HRA+ASD infants. Specifically, reduced AE behaviors seem to distinguish the 
HRA+ASD infants from the other outcome groups. Also, this study found that increased 
TO and AE behaviors were associated with better performance on a cognitive assessment 
for all groups except HRA+ASD. These two findings are important, as they differentiate 
this outcome group from all others, suggesting that there may be a different set of 
mechanisms employed during a testing session for HRA+ASD infants. This study also 
found that AE risk did not contribute predictive value to a CRI for this disorder. Taken 
together these findings suggest that though temperament profiles appear to differ in 
HRA+ASD infants during the first year of life, this construct of behavior is not a valuable 
early behavioral risk marker for identifying ASD.  
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INTRODUCTION 
 
Autism Spectrum Disorder (ASD) is among the most prevalent forms of 
neurodevelopmental disability in the world (Ozonoff et al., 2011). ASD is a 
heterogeneous group of disorders, characterized by social and communication 
impairments, atypical sensory reactivity and restrictive and repetitive behaviors (Garon et 
al., 2008, Gliga et al., 2014). Internationally, it is estimated that over 1 in 100 children are 
affected by ASD (Zwatgenbaum et al. 2013). Though behavioral signs appear over the 
first few years of life, clinical diagnosis is typically not achieved before 3 years of age 
(Gliga et al., 2014). It is important to note that there is a large gender discrepancy found 
in ASD, with roughly 80% of affected individuals being male (Ozonoff et al., 2011). 
ASD is known to have a heritable component, with concordance estimates from 
twin studies as high as 77% in monozygotic twins and 31% in dizygotic twins (Hallmayer 
et al., 2011). The estimated risk of recurrence in siblings of children with autism is 
roughly 19%, which is significantly greater than the less than 1% risk in the general 
population (Ozonoff et al., 2011, Zwaigenbaum et al., 2005). Thus, infant siblings of 
children with autism are considered to be at high risk (HRA) for this disorder, and have 
become an important group to study. Through researching HRA infants, early behavioral 
signs of the disorder can be elicited and measured under standardized conditions, 
allowing for greater comparability within and between individuals over time 
(Zwaigenbaum et al., 2005).  Since 1 in 5 HRA infants will go on to develop ASD, 
studying this population allows for the comparison of affected versus unaffected siblings 
on test measures that researchers collect when blind to later outcomes (Gamliel, Yirmiya, 
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& Sigman, 2007). The study of HRA infants also offers insight into the Broader Autism 
Phenotype (BAP) (Gliga et al., 2014), which refers to the sub-clinical traits or 
characteristics of ASD that are present at elevated rates in high-risk infants and other 
undiagnosed relatives of individuals with ASD (Clifford et al., 2013, Gliga et al., 2014).  
The fast growing interest in high-risk infant siblings of children with ASD has 
been largely motivated by the need to identify early risk markers for this disorder (Gliga 
et al. 2014). With the growing number of children who receive a diagnosis of ASD, there 
is an increasing need to identify risk markers that will allow for earlier diagnosis of this 
disorder (Gamliel et al., 2007, Gliga et al. 2014). Early detection of autism is imperative, 
since intervention provided before 3 ½ years old is known to have a greater impact than 
that provided after age 5 (Wetherby et al., 2004, Gamliel et al., 2007). Unfortunately, the 
average age of diagnosis in the United States is currently 3-4 years old (Garon et al., 
2008). Therefore, there is a clear need to improve early detection of ASD so that children 
with this disorder have access to services and interventions as early in their development 
as possible (Wetherby et al., 2004).  
Though there is a wide range of research investigating various forms of risk 
markers for ASD (genetic, neural, cognitive, etc.), this study will be limited to the 
investigation of behavioral risk markers. Early impairments in behavior have been 
detected across multiple domains in children with ASD, with studies suggesting that 
behavioral differentiation of children with ASD occurs most robustly in the second year 
of life (Gliga et al., 2014, Zwatgenbaum et al. 2013). Of note are the replicated 
behavioral risk markers for ASD, which include: impairments in social communication, 
 3 
repetitive behaviors involving body movements, atypical use of objects, and/or atypical 
emotional regulation (Zwatgenbaum et al. 2013). Also, particular patterns of 
developmental delay, specifically in the areas of language and motor development, 
appear to characterize infants that are later diagnosed with this disorder (Zwatgenbaum et 
al. 2013). Behavioral risk markers have proven to be valuable in clinically referred 
samples of infants 2-years of age, as observation of behavioral symptoms like reduction 
in joint attention, atypical eye contact, and reduced response to name and language can 
lead to relatively stable diagnoses in this group (Gliga et al., 2014).  
Though fairly reliable behavioral markers for ASD have been described in 2-year-
old infants, few behavioral markers have been identified in infants during their first year 
of life (Jones et al., 2014). At this point in time, no single atypical behavior, or even 
developmental domain, has been found that is shared by all 12-month-olds who later go 
on to meet criteria for an ASD diagnosis (Tager-Flusberg, 2010). Instead, it is likely that 
a constellation of behavioral risk markers combine in a way that is more predictive of 
outcome at this age than any single marker is capable of (Tager-Flusberg, 2010).  
Establishing a Cumulative Risk Index (CRI) is one approach to investigating 
which combination of early behavioral risk markers from the first year of life is most 
predictive of later ASD diagnostic outcome. Cumulative risk models study multiple risk 
factors, and examine the number of risks experienced rather than the intensity or pattern 
of risk exposures (Evans, Li, & Whipple, 2013). Cumulative risk models define risk 
factors dichotomously (risk= 1, no risk = 0) and are operationalized by summing across 
different multiple, binary risk factors to yield a cumulative risk score (Evans et al, 2013). 
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When an individual presents increasing “risk” behaviors, cumulative risk scores increase, 
and the odds of developing the disorder also increase for that individual. Therefore, a 
cumulative risk model is a useful approach to take when investigating which combination 
of early behavioral risk markers is most predictive of ASD diagnostic outcome. A CRI 
would allow researchers to investigate which specific combination of cognitive, language 
and motor risk behaviors in 12-month-old infants leads to the highest predictive value for 
infant outcome.   
Temperament is one construct of behavior that has the potential to act as an early 
risk marker for ASD and therefore, could add predictive power to a CRI for this disorder. 
Temperament is defined as a “behavioral style” that includes an individual’s relatively 
stable behavioral tendencies (Del Rosario, Gillespie-Lynch et al., 2013). More 
specifically, temperament involves a constitutionally based pattern of individual 
differences in reactivity and self-regulation and emphasizes emotional, attentional and 
activity related characteristics (Clifford et al., 2013). Similarly to the behavioral 
presentation of ASD, temperament is thought to emerge early in development (Clifford et 
al., 2013). This inherent overlap has led to the assumption that the investigation of early 
temperament in ASD could provide insight into early behavioral risk markers for this 
disorder, which could in turn shed light on various combinations of temperamental traits 
that add predictive value to a CRI model for ASD (Garon et al., 2008, Brock et al., 2012, 
Clifford et al., 2013). 
 Another important aspect of temperament is that it exerts bidirectional influences 
upon the social environment. Therefore, the study of temperament could also provide a 
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method for understanding how children with ASD influence and are influenced by the 
environment of a cognitive testing session (Del Rosario et al., 2013). Through 
investigating whether specific temperamental traits correlate with test performance, the 
relationship of various temperament behaviors and cognitive test scores can be examined 
and the use of these measures in ASD research can be assessed.  
 
Temperament as a potential risk marker  
Temperament in middle childhood 
Most of the research on temperament in individuals with ASD has focused on 
middle childhood, specifically children ages 3-12 years old (Garon et al., 2008). Overall, 
lower effortful control, defined as the ability to regulate attention, emotions and 
behaviors in order to achieve a goal, has been found in children with ASD when 
compared to typically developing (TD) controls (Garon et al., 2008, Del Rosario et al., 
2013, Clifford et al., 2013). Specifically, children with ASD seem to have more difficulty 
focusing, shifting attention and attaining inhibitory control than TD controls (Clifford et 
al., 2013). Also, children with ASD tend to have greater negative affect than TD controls, 
meaning that they are more prone to fear, anxiety, sadness and/or anger (Garon et al., 
2008). For example, children with ASD commonly display more discomfort and less 
sootheability than their TD peers (Garon et al., 2008, Del Rosario et al., 2013). It has also 
been reported that children with ASD display higher ratings of activity level than TD 
children (Garon et al., 2008). Taken together, these studies support the notion that 
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children with ASD may display distinct, atypical temperamental profiles when compared 
to TD controls.  
Temperament in infancy 
Unfortunately, there is much less information on temperament in infants later 
diagnosed with ASD. Studying early temperament in infants with ASD is challenging, 
since most children are not diagnosed with this disorder until later in their preschool 
years (Garon et al., 2008). This difficulty has led most researchers to implement parent 
report and/or retrospective analysis of home video records to study the early 
manifestation of temperament in ASD (Garon et al., 2008).  
The compilation of work from previous studies indicates that there may be early 
temperamental differences in infants who later receive an ASD diagnosis. For example, 
one of the earliest and most pronounced features that parents describe in retrospective 
studies of their children with ASD is difficulty regulating emotional states (Zwaigenbaum 
et al., 2013). Parents have also rated their infants who are later diagnosed with ASD as 
being less rhythmic, adaptable, and persistent than infants who are diagnosed with other 
developmental delays (Clifford et al., 2013). Through retrospective studies of early home 
videos, reduced positive affect in infants later diagnosed with ASD has been reported 
during the first two years of life when compared to TD controls (Zwaigenbaum et al., 
2013). Another retrospective study found that during the first year of life, infants later 
diagnosed with ASD displayed higher negative emotional reactivity and lower motivation 
to interact with others than TD controls (Garon et al., 2008).  
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Temperament in HRA infants 
HRA infants represent a valuable alternative method for studying early 
temperament in infants later diagnosed with ASD. Through comparing prospective data 
collected on measures from the first year of life in HRA infants, this group could shed 
light on early temperament behaviors in infants who go on to develop ASD versus those 
who do not receive a diagnosis (Tager-Flusberg, 2010, Jones et al., 2014).  
Several studies on temperament in HRA infants have been conducted that have 
revealed various differences between at risk groups and controls. For example, in general, 
HRA infants have been found to smile and laugh less frequently than low risk infants at 
14 months of age (Del Rosario et al., 2013, Clifford et al., 2013). More specifically, 
group differences have been reported for HRA infants who were later diagnosed with 
ASD (HRA+ASD). For example, parents have reported that these infants display reduced 
positive affect and increased perceptual sensitivity (Del Rosario et al., 2013). Also, at 24 
months of age HRA+ASD infants have been reported to have higher levels of overall 
negative affect than both TD infants and HRA infants who do not go on to develop ASD 
(HRA-ASD) (Del Rosario et al., 2013, Clifford et al., 2013).  
Clifford et al. (2013) used prospective parent reports of temperament at 24 months 
and 3-year diagnostic outcomes in HRA infants to establish temperamental profiles that 
distinguish HRA+ASD infants, HRA-ASD infants, and TD controls (Clifford et al., 2013, 
Zwaigenbaum et al., 2013). The study found that HRA infants in general were 
characterized by poor regulation of negative emotions and difficulty shifting attention 
when compared to TD controls (Clifford et al., 2013, Zwaigenbaum et al., 2013). 
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HRA+ASD infants were characterized more specifically by low positive affect and 
increased duration of attention (Clifford et al., 2013, Zwaigenbaum et al., 2013).  
Overall, the current research from parent-report, retrospective home video analysis, 
and HRA infant studies have provided important evidence that supports the idea that 
there are early temperamental differences in both HRA infants and infants who go on to 
receive a diagnosis of ASD compared to TD infants and HRA-ASD infants. These 
findings propagate the notion that temperament in early infancy could serve as an 
important construct to consider when evaluating behavioral risk markers for ASD and 
when establishing a CRI for this disorder.  
 
The relationship of temperament and cognitive assessment performance 
The relationship between temperamental profile and cognitive assessment 
performance is important to consider, as behaviors exhibited during the testing session 
likely influence the individual’s final test score. Empirical work suggests that during 
infancy individual differences in affective expression are predictive of performance in a 
variety of cognitive testing situations (Rieser-Danner, 2003). Also, Rieser-Danner (2003) 
describes how children who are easily aroused by stimulation and who withdraw from 
novel objects, people and situations might be hindered by their own behavioral 
characteristics during cognitive testing sessions that require relatively long engagement 
with objects, tasks or persons.  
Matheny, Dolan and Wilson (1974) investigated the relationship of temperament 
scores with mental test scores in TD infants. The study reported strong associations 
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between task orientation behaviors and mental test scores (Matheny et al., 1974). 
Interestingly, the study also found that higher affect and extraversion scores for females 
correlated with higher mental test scores, however this association was not found for 
male participants (Matheny et al., 1974).  
To our knowledge, no other study has examined the relationship of temperament in 
HRA infants with cognitive assessment performance. However, it can be presumed that 
characteristics such as lack of motivation, increased negative affect, difficulty shifting 
attention and deficits in social interaction that have been described in infants who are 
later diagnosed with ASD, may hinder these infants’ performances during testing sessions 
(Kern Koegel, Koegel, Smith, 1997). Additionally, the unfamiliar environment of the 
testing session could perpetuate these behaviors in infants who are later diagnosed with 
ASD (Kern Koegel, Koegel, Smith, 1997). Therefore, it is possible that HRA infants 
exhibit specific temperamental profiles that complicate their performance on cognitive 
assessments, distorting the scores that they receive during the testing session (Del 
Rosario et al., 2013). Further investigation is needed to establish the specific relationships 
involved between temperament and test performance in HRA infants.  
 
Assessing temperament  
Though important information has been collected about temperament in children 
with ASD and HRA infants, much of this data is limited due to its dependence on 
retrospective and parent-report measures (Garon et al., 2008). Retrospective reports are 
limited because they are subject to recall biases, they often include significant 
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inaccuracies (i.e. timing, descriptions, etc.), and they may lack appropriate controls (i.e. 
parents of non-autistic children) (Zwaigenbaum et al., 2005). Parental reports are also 
flawed because they are subject to recall error and bias (Garon et al., 2008, Zwaigenbaum 
et al., 2013). For example, early behaviors more closely related to the later manifestations 
of ASD might be more easily recalled than typical behaviors (Zwaigenbaum et al., 2013). 
Though home video analysis is more objective in nature, it is also limited due to biases 
related to sampling (Zwaigenbaum et al., 2013). This is because there is significant lack 
of control over content and quality of the videos that are made available to researchers, 
which increases the possibility of group differences that are influenced by situational 
factors (Garon et al., 2008, Zwaigenbaum et al., 2013). These limitations of retrospective 
and parent-report studies have led to the increasing need for prospective research designs 
of high-risk infants that directly assess early temperament in ASD (Zwaigenbaum et al., 
2013).  
 One measure that allows for direct assessment of temperament is the Infant 
Behavior Record (IBR), which is the third component of Bayley’s Scales of Infant 
Development (Matheny, 1983). The IBR is a summary appraisal of a wide variety of 
infant behaviors that are observed during the testing situation (Matheny, 1980). This 
measure reflects the examiner’s impressions of the infant’s orientation to objects and 
people, emotional state and developmental level (Lasky et al., 1983). Since the IBR is 
filled out by an examiner and is based on the infant’s temperament in the controlled 
setting of a testing session, the limitations of parent-report and retrospective home video 
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analysis are eliminated. Thus, the IBR is a more ideal measure to use in the study of 
temperamental profiles for HRA infants.  
Through using the IBR on HRA infants this study is interested in directly assessing 
early temperament in ASD, and will focus only on data collected at 12-months of age. 
The purpose of the current study is to first determine whether there are group differences 
in HRA infants when compared to low risk controls (LRC) on IBR scores, which would 
be indicative of temperamental group differences that could be used as potential early 
risk markers. We will then investigate if group differences in temperament persist and/or 
emerge when groups are broken into outcome groups of HRA+ASD, HRA-ASD, and 
LRC-ASD. This study will then determine the extent to which there is a relationship 
between temperament and performance on the Mullen Scales of Early Learning (MSEL) 
(Mullen, 1995) for the entire sample and for the subgroups outlined above. This will 
provide insight into the relationship of temperament and performance on a cognitive 
assessment during a testing session. Finally, we will evaluate whether any of the IBR 
factors add predictive value to a pilot Cumulative Risk Index model for HRA infants, 
which would indicate the value of temperament as a potential risk marker for the 
development of ASD. 
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METHODS 
 
This study is part of the ongoing longitudinal Infant Sibling Project (ISP) 
conducted at Boston’s Children’s Hospital/Harvard Medical School and Boston 
University, which is investigating the development of infants at high-risk for developing 
ASD. 
 
Participants 
Since this study is interested in early behavioral risk markers during the first year 
of life for ASD, only infants who completed the MSEL at 12 months of age were 
considered for inclusion in the present study. 222 participants met this criterion, however 
only 206 provided sufficient data to be used in this study (all exclusions were due to poor 
video quality). Participants were drawn from the infants enrolled in the ISP. Families 
were recruited for study participation if they had an infant under the age of 6 months and 
either a child who is typically developing or a child with an ASD diagnosis. All families 
were screened according to exclusionary criteria that included: gestational age less than 
36 months, prenatal or postnatal complications, known genetic disorders (i.e. Fragile X 
Syndrome), maternal steroid use, and/or maternal diabetes. 
Once enrolled, infants were classified as either high or low risk for ASD. HRA 
infants (N=111) had at least one older sibling with an ASD diagnosis that could not be 
attributed to a known genetic disorder (i.e. Fragile X Syndrome, tuberous sclerosis). All 
of the probands (older siblings) of this group had a clinical ASD diagnosis that was 
provided by expert community clinicians. Study staff also confirmed this diagnosis 
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through the use of the Social Communication Questionnaire (SCQ) (Rutter, Bailey & 
Lord, 2003) and/or the Autism Diagnostic Schedule-General (ADOS-G) (Lord, Rutter & 
Le Couteur, 1994). LRC infants (N=95) had at least one typically developing older 
sibling, and no first-degree relative diagnosed with ASD or other neurodevelopmental 
disorders. The SCQ and/or ADOS-G were used to screen for ASD symptoms in the 
probands of this group. If the total score exceeded the cut-off, the family was excluded 
from participation.  
The two groups were well matched in demographic composition and were 
roughly similar in terms of general cognitive performance. Independent sample t-tests 
and Fisher’s Exact tests confirmed that at 12 month visits HRA and LRC infants did not 
differ significantly with regard to age, sex, or head circumference (all p-values >.1)  
 
Measures 
Diagnostic Measures 
The Autism Diagnostic Observation Scale-General is a standardized, semi-
structured assessment of early communication, social interaction and play used by 
researchers to diagnose ASD (Lord et al., 1994). Infants in both HRA and LRC groups 
were assessed for ASD symptoms using this measure at 18, 24 and 36 months of age. 
Since symptoms of ASD are not considered stable at 18 months, the ADOS score from 
this age was only used as a measure of symptoms and not for diagnostic classification 
purposes. Final ASD diagnostic outcome was determined at 24 and 36 months on the 
basis of ADOS-G administration and clinical best estimate rating made by an expert 
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clinician. Children who received a severity score of 4 or higher on the ADOS-G at 36 
months and who received a clinical judgment of ASD at 36 months were diagnosed with 
ASD. 
Through using the ADOS-G as a diagnostic measure sub-groups of infants 
emerged (Table 1). Namely HRA infants who went on to develop autism (HRA+ASD) 
and those who did not receive an ASD diagnosis (HRA- ASD), as well as LRC infants 
who went on to develop autism (LRC+ASD) and those who did not receive an ASD 
diagnosis (LRC-ASD). For the sake of this project, LRC+ASD infant data (N=3) was 
excluded. Therefore, only HRA+ASD, HRA-ASD and LRC-ASD infants were 
considered in the outcome group sections. 
 
Table 1. Number of participants in each risk and outcome group.  
 
 N Male Female 
HRA infants (total) 
 
 111 56 55 
HRA+ASD 25 18 7 
HRA-ASD 64 28 36 
 
No ADOS (Infant not seen at 18, 24, 
or 36 months) 
22 10 12 
LRC infants (total)  95 57 38 
LRC+ASD 3 3 0 
LRC-ASD 77 42 35 
 
No ADOS (Infant not seen at 18, 24, 
or 36 months) 
15 12 3 
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Mullen Scales of Early Learning 
As part of the larger ISP project, trained research assistants administered and 
scored the MSEL for all 12-month-old participants. The Mullen Scales of Early Learning 
assesses cognitive and motor ability through five scales that target strengths and 
weaknesses in children (Mullen, 1995). For the purposes of determining the relationship 
between temperament and cognitive testing performance, only the Early Learning 
Composite score (ELC) was examined. This score combines the scales of visual 
reception, fine motor, receptive language, and expressive language to yield a score that 
represents “general intelligence.” 
 
Infant Behavior Record (IBR) 
The IBR specifically focuses on three factors of behavior: task orientation (TO), test 
affect/extraversion (AE) and activity level (AL). The TO factor consists of ratings from 
object orientation, goal directedness and attention span. Therefore, this score reflects the 
infant’s responsiveness to test materials, persistence in working toward the goals of the 
test and sustained attention during the testing session (Matheny, 1980). The factor AE is 
made up of ratings from social orientation, cooperativeness, fearfulness and general 
emotional tone. This score pertains to the degree that infants are positive, outgoing and 
involved in the social give and take of the testing situation (Matheny, 1980). AL consists 
of ratings from activity, sensory areas of interest and energy and coordination. This factor 
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provides information on the general level of activity or body motion and the level of 
energy shown by the infant during the testing session (Matheny, 1980) (Figure 1).   
 
 
 
Figure 1: Organization of the IBR.  
 
 For this study, a revised version of the IBR (see Appendix) was coded while 
watching video record of the administration of the MSEL at the infant’s 12-month lab 
visit. Examiners were blind to infant group (HRA or LRC) and diagnostic outcome 
(HRA+ASD, HRA-ASD, LRC+ASD, LRC-ASD) during scoring. Scores were based on 
the coder’s impression of the infant’s behavior during the testing session.  
The revised version of the IBR consists of ten items, which yield the three factors 
of TO, AE, and AL. All of the three factors are made up of 3-4 subcategories, which are 
scored on either a 5 or 9-point scale based off of the experimenter’s impression of the 
infant’s behavior during the testing session. A score of 1 is the lowest point on the scale 
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and represents the negative end of the trait spectrum, while a score of 5/9 is the highest 
point and represents the positive end of the trait spectrum. For example, for the scale of 
Cooperativeness, a score of 1= “Resists all suggestions or requests” and a score of 9= 
“Very readily and enthusiastically enters into suggested games or tasks.” The wording of 
the Fearfulness scale is opposite, with the lowest score representing the positive end of 
the trait spectrum (i.e. less fearful) and the highest score representing the negative end of 
the trait spectrum (i.e. more fearful). Therefore, after coding the Fearfulness scale reverse 
coding was necessary before data could be analyzed.   
 Before data was collected for the IBR, coders were trained on this measure and 
interobserver reliability was determined. Reliabilities were obtained by having two 
examiners independently rate behaviors on a series of 12-month MSEL videos. Validity 
of reliability scores were drawn from Cicchetti (1994), which states that an intra-class 
correlation coefficient (ICC) is considered good if it is between 0.6-0.74 and excellent if 
it is between 0.75-1.0. Three preliminary checks were conducted before data collection 
began, each check consisted of five videos, and initial ICC scores for reliability were 
considered “good” for the factors AE and TO and “excellent” for AL. Reliability was 
also checked three times during data collection to monitor the validity of the scores 
(Table 2).  
 
 
 
 
 18 
 
Table 2. Intra-class correlation coefficient (ICC) reliability scores for the IBR. 
 
 
After data collection, raw scores from the ten scales were standardized, and the 
appropriate z-scores were averaged together to yield the three scores for TO, A/E and 
AL. 
 
Cumulative Risk Index 
As part of the larger ISP carried out at Boston’s Children’s Hospital/Harvard 
Medical School and Boston University, a pilot Cumulative Risk Index (CRI) was 
established that might serve as a predictive model for ASD outcome in infants at high-
risk for this disorder.  
To establish a CRI, data from all ISP behavioral measures for 12-month infants 
were first converted to binary variables for no-concern (0) or risk (1). In this preliminary 
investigation, cut-off scores for risk markers were determined by reviewing the published 
literature on the individual measures. Table 3 describes the behavioral measures initially 
assessed, and cut-offs used for each measure.  
 Task Orientation Affect-Extraversion Activity Level 
Preliminary:    
1 .43 > .80 > .80 
2 .88 .33 .67 
3 .60 .70 .77 
During Data Collection:    
1 .75 .91 .98 
2 .71 .82 .98 
3 .53 .92 .69 
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Table 3. Behavioral measures examined for incorporation into the pilot CRI.  
 
After converting the data to binary variables, point-biserial correlations were run 
between all behavioral variables at 12-months with ASD outcome to determine which 
variables had significant correlations between diagnostic outcome and risk. Of all the risk 
variables run, only participant gender, MSEL Verbal IQ, MSEL Gross Motor, and the 
Autism Observation Scale for Infants (AOSI) were significantly associated with ASD 
outcome. Specifically, correlations were found to be: AOSI rpb: .26, p = .02, gender rpb: 
.21, p = .04, MSEL Verbal IQ rpb: .37, p < .001, and MSEL Gross Motor rpb: .24, p = 
Variable Risk No-Concern Source 
Family Group 1 = HRA  0 = LRC Ozonoff et al. (2011) 
Gender 1 = Male 0 = Female Ozonoff et al. (2011) 
Proband gender 1 = Females with ASD 0 = Males with ASD, 
Female and Male LRC 
Tsai & Beisler 
(1983) 
Multiplex 1 = sibling with ASD 0 = no other siblings with 
ASD 
Ozonoff et al. (2011) 
Autism 
Observation Scale 
for Infants (AOSI) 
1 = above 7 markers 0 = below 7 markers Volkmar (2005) 
Autism Diagnostic 
Observation 
Schedule (ADOS) 
1 = above ASD cut off 
(Severity score of 4+) 
0 = below cut-off 
(Severity score of 
3/below) 
Gotham, Pickles & 
Lord (2009) 
Mullen Scales of 
Early Learning 
(MSEL) 
1 = 1 SD below  
(<85) 
0 = average range or 
above 
(≥85) 
Landa, Gross, Stuart 
& Bauman (2012) 
Infant Toddler 
Social Emotional 
Assessment 
(ITSEA) 
1 ≤10th percentile 
subscales and clusters 
1≥ 65 problem domains 
and at or below 35 in 
competence domain 
 
0 >10th percentile for 
subscales and clusters 
0< 65 for problem 
domains and at or above 
35 in competence domain 
ITSEA Manual 
Carter, Briggs-
Gowan (2005) 
Communication 
and Symbolic 
Behavior Scales 
(CSBS) 
1≤10th percentile for 
total score 
0 >10th percentile for total 
score 
CSBS Manual 
Wetherby, Prizant 
(2002) 
 20 
.03. Thus, these were the only behavioral risk variables incorporated into the pilot CRI 
model. 
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RESULTS 
 
 
 The results are presented in three parts: group differences on IBR scores, the 
relationship of IBR scores and MSEL ELC score and influence of IBR scores on the 
predictive value of the CRI. 
 
Group Differences on IBR Scores 
 Group differences were first investigated at the level of HRA infants and LRC 
infants using the temperament data obtained from the IBR for all 12-month participants. 
The three factors of TO, AE and AL were collapsed together for this initial assessment to 
determine the interaction between group and overall temperament. A multivariate 
analysis of variance (MANOVA) to assess group differences revealed no significant 
effect of risk group on temperament, V=.01, F(3,199)=0.9, p=.44. Thus, it appears that 
HRA and LRC infants do not differ on their overall temperamental profile.  
The risk groups were then divided on the basis of diagnostic outcome, yielding 
the groups of HRA+ASD, HRA-ASD and LRC-ASD. Comparisons were made between 
these groups to assess the interaction between group-by-outcome and overall 
temperament, with TO, AE and AL collapsed. A MANOVA was conducted, revealing no 
significant effect of outcome on temperament, V= .04, F(6,322)= 1.02, p=.41. Again, 
these findings suggest that there are no differences on overall temperament at the level of 
diagnostic outcome groups.  
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To ascertain whether group differences exist in specific temperament domains, 
the effect of HRA and LRC groups on each of the three individual IBR temperament 
factors (TO, AE, and AL) were assessed. Independent sample t-tests were conducted, 
revealing that HRA and LRC groups do not show significant differences on the TO, AE 
and AL factors (TO: t(201)= 0.46, p=.64, AE: t(201)= -1.44, p=.15, AL: t(201)=-.75, p-
.45). Comparison of Table 4 and Table 5 demonstrates that the means and standard 
deviations for all three IBR factors were fairly similar in the HRA and LRC groups. 
Thus, none of the IBR temperament factors appear to vary significantly in high-risk 
infants when compared to low-risk controls at 12-months of age.  
 
Table 4. Descriptive statistics for the HRA group.  
 
N Minimum Maximum Mean Std. 
Deviation 
 
Statistic Statistic Statistic Statistic Std. 
Error 
Statistic 
AE 111 -2.32 1.53 -.06 .07 .74 
TO 111 -1.93 1.97 .04 .08 .86 
AL 111 -1.75 1.86 -.06 .08 .86 
MSEL 
ELC 
111 68 138 102.22 1.36 14.36 
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Table 5. Descriptive statistics for the LRC group.  
 
N Minimum Maximum Mean Std. 
Deviation 
 
Statistic Statistic Statistic Statistic Std. 
Error 
Statistic 
AE 95 -1.90 1.09 .07 .07 .69 
TO 95 -1.54 2.00 -.04 .08 .82 
AL 95 -2.16 1.86 .07 .10 1.01 
MSEL 
ELC 
95 77 138 105.60 1.27 12.34 
 
 
The HRA group was then divided based on ASD diagnostic outcome, and the 
effect of HRA+ASD, HRA-ASD and LRC-ASD on each individual IBR temperament 
factor (TO, AE, and AL) was examined. A one-way ANOVA revealed no significant 
differences between LRC-ASD, HRA+ASD and HRA-ASD on the factors of TO and AL 
(TO: F(2,162)=15, p=.86; AL: F(2,162)=.18, p=.83). However, there was a trend in the 
AE factor in which the LRC-ASD and HRA-ASD groups were found to be more similar 
than the HRA+ASD group, F(2,162)=2.62, p=.08. Initial analysis showed that scores for 
the AE factor were lower in the HRA+ASD group when compared to the other two 
outcome groups. Tables 6, 7 and 8 highlight the similarities and differences between the 
diagnostic outcome groups’ means and standard deviations for the IBR factors. Most 
notably, the mean and standard deviation for AE in Table 8 (HRA+ASD) is considerably 
lower than the mean and standard deviation for AE in Table 6 (LRC-ASD) and Table 7 
(HRA-ASD).  
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Table 6. Descriptive statistics for the LRC-ASD outcome group.  
 
N Minimum Maximum Mean Std. 
Deviation 
 
Statistic Statistic Statistic Statistic Std. 
Error 
Statistic 
AE 77 -1.90 1.09 .17 .08 .67 
TO 77 -1.54 2.00 -.05 .09 .79 
AL 77 -1.75 1.86 .11 .11 .98 
MSEL 
ELC 
77 77 138 106.08 1.37 11.99 
 
 
Table 7. Descriptive statistics for the HRA-ASD outcome group. 
  
N Minimum Maximum Mean Std. 
Deviation 
 
Statistic Statistic Statistic Statistic Std. 
Error 
Statistic 
AE 64 -2.08 1.53 .08 .09 .71 
TO 64 -1.93 1.97 -.01 .11 .87 
AL 64 -1.75 1.86 .02 .11 .86 
MSEL 
ELC 
64 70 138 104.81 1.64 13.10 
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Table 8. Descriptive statistics for the HRA+ASD outcome group.  
 
N Minimum Maximum Mean Std. 
Deviation 
 
Statistic Statistic Statistic Statistic Std. 
Error 
Statistic 
AE 25 -2.32 .87 -.23 .17 .86 
TO 25 -1.19 1.64 .04 .17 .85 
AL 25 -1.75 1.86 .09 .18 .89 
MSEL 
ELC 
25 72 131 98.32 2.93 14.66 
 
 
Follow- up analyses for AE were run, and an independent samples t-test revealed 
significant findings for LRC-ASD vs. HRA+ASD (t(99)=2.28, p=.03) and approaching 
significant findings for HRA+ASD vs. HRA-ASD (t(86)=-1.67, p=.099). An independent 
samples t-test for AE for LRC-ASD vs. HRA-ASD was not significant (t(139)=0.69, 
p=.49). Therefore, HRA+ASD infants appear to be characterized by lower AE scores 
than both LRC-ASD and HRA-ASD infants, as shown in Figure 2.  
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Figure 2: Comparison of the mean AE in outcome groups.  
 
Relationship of IBR score and MSEL score 
 To examine the relationship between temperament and cognitive assessment 
performance, we first investigated the association between each IBR factor with the 
MSEL ELC score in general. Therefore, we included all participants, from all groups in 
this initial analysis. Spearman’s rho correlations (Cohen, 1988) revealed that both AE 
(rs=.27, p<.001) and TO (rs=.37, p<.001) are positively correlated with MSEL ELC score. 
However, AL was found to have no correlation with MSEL ELC score (Table 9). 
Therefore, across all participants it appears that infants with higher TO and AE scores 
performed better on the MSEL assessment. 
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Table 9. Correlation matrix of IBR factors and MSEL ELC scores across all 
participants.  
 
 AE TO AL MSEL ELC 
AE     
Correlation Coefficient 1.00 .16* .11 .27** 
Sig. (2-tailed) . .03 .14 .00 
N 203 203 203 203 
TO     
Correlation Coefficient .16* 1.00 -.16* .37** 
Sig. (2-tailed) .03 . .02 .00 
N 203 203 203 203 
AL     
Correlation Coefficient .11 -.16* 1.00 -.01 
Sig. (2-tailed) .14 .02 . .88 
N 203 203 203 203 
MSEL ELC     
Correlation Coefficient .27** .37** -.01 1.00 
Sig. (2-tailed) .00 .00 .88 . 
N 203 203 203 203 
*Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2 tailed). 
 
 
The relationship between temperament and cognitive assessment performance 
was then examined at the level of HRA infants vs. LRC infants. Descriptive statistics for 
MSEL ELC performance in these two groups are shown in Table 4 and Table 5. The 
same pattern of positive correlations between AE, TO and MSEL ELC scores as 
described above were revealed using Spearman’s rho correlations, and again AE did not 
correlate. Specifically, for the HRA group (Table 10), AE correlations were rs=.20, 
p<.001 and TO correlations were rs=.23, p<.001. For the LRC group (Table 11), AE 
correlations were rs=.32, p<.001 and TO correlations were rs=.54, p<.001. Again, these 
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findings suggest that in both HRA and LRC groups, infants who exhibit higher TO and 
AE behaviors perform better on a cognitive assessment. 
 
Table 10. Correlation matrix of IBR factors and MSEL ELC scores for the HRA 
group.  
 
 AE TO AL MSEL ELC 
AE     
Correlation Coefficient 1.00 .09 .09 .20* 
Sig. (2-tailed) . .36 .33 .03 
N 111 111 111 111 
TO     
Correlation Coefficient .09 1.00 -.14 .23* 
Sig. (2-tailed) .36 . .13 .02 
N 111 111 111 111 
AL     
Correlation Coefficient .09 -.14 1.00 -.02 
Sig. (2-tailed) .33 .13 . .87 
N 111 111 111 111 
MSEL ELC     
Correlation Coefficient .20* .23* -.02 1.00 
Sig. (2-tailed) .03 .02 .87 . 
N 111 111 111 111 
*Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2 tailed). 
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Table 11. Correlation matrix of IBR factors and MSEL ELC scores for the LRC 
group.  
 
 AE TO AL MSEL ELC 
AE     
Correlation Coefficient 1.00 .24* .09 .32** 
Sig. (2-tailed) . .02 .38 .00 
N 92 92 92 92 
TO     
Correlation Coefficient .24* 1.00 -.18 .54** 
Sig. (2-tailed) .02 . .08 .00 
N 92 92 92 92 
AL     
Correlation Coefficient .09 -.18 1.00 -.02 
Sig. (2-tailed) .38 .08 . .85 
N 92 92 92 92 
MSEL ELC     
Correlation Coefficient .32* .54** -.02 1.0 
Sig. (2-tailed) .00 .00 .85 . 
N 92 92 92 92 
*Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2 tailed). 
 
 
 Spearman’s rho correlations were then run for outcome groups (HRA+ASD, 
HRA-ASD, and LRC-ASD) to examine the relationship between IBR factor scores and 
MSEL ELC score. Descriptive statistics for MSEL ELC score for the three outcome 
groups are found in Tables 6, 7 and 8. For the LRC-ASD group (Table 12), significant 
correlations between MSEL ELC score and AE (rs=.35, p<.001) and TO (rs=.47, p<.001) 
were revealed, but no correlations were found for AL. For the HRA-ASD group (Table 
13), significant correlations were revealed between MSEL ELC score and TO (rs=.46, 
p<.001) and AE (trend, p=.06; rs=.24, p<.001), but not for AL. Spearman’s rho 
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correlations for HRA+ASD (Table 14) revealed no correlations between MSEL ELC 
score and any of the three IBR factors. Therefore, these findings suggest that TO and AE 
behaviors in HRA-ASD and LRC-ASD have the same positive relationship with MSEL 
scores as the broader groups above, however HRA+ASD is uniquely characterized by no 
correlations between temperament and cognitive assessment performance.  
 
Table 12. Correlation matrix of IBR factors and MSEL ELC scores for the LRC-
ASD group.  
 
 AE TO AL MSEL ELC 
AE     
Correlation Coefficient 1.00 .27* .00 .35** 
Sig. (2-tailed) . .02 .99 .00 
N 77 77 77 77 
TO     
Correlation Coefficient .27* 1.00 -.29** .47** 
Sig. (2-tailed) .02 . .01 .00 
N 77 77 77 77 
AL     
Correlation Coefficient .00 -.29** 1.00 -.08 
Sig. (2-tailed) .99 .01 . .47 
N 77 77 77 77 
MSEL ELC     
Correlation Coefficient .35** .47** -.08 1.00 
Sig. (2-tailed) .00 .00 .47 . 
N 77 77 77 77 
*Correlation is significant at the 0.05 level (2-tailed). 
**Correlation is significant at the 0.01 level (2 tailed). 
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Table 13. Correlation matrix of IBR factors and MSEL ELC scores for the HRA-
ASD group.  
 
 AE TO AL MSEL ELC 
AE     
Correlation Coefficient 1.00 .16 .05 .24 
Sig. (2-tailed) . .20 .70 .06 
N 64 64 64 64 
TO     
Correlation Coefficient .16 1.00 -.12 .46** 
Sig. (2-tailed) .20 . .33 .00 
N 64 64 64 64 
AL     
Correlation Coefficient .05 -.12 1.00 -.03 
Sig. (2-tailed) .70 .33 . .83 
N 64 64 64 64 
MSEL ELC     
Correlation Coefficient .24 .46** -.03 1.00 
Sig. (2-tailed) .06 .00 .83 . 
N 64 64 64 64 
 **Correlation is significant at the 0.01 level (2 tailed). 
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Table 14. Correlation matrix of IBR factors and MSEL ELC scores for the 
HRA+ASD group.  
 
 AE TO AL MSEL ELC 
AE     
Correlation Coefficient 1.00 .12 .09 .10 
Sig. (2-tailed) . .57 .67 .64 
N 24 24 24 24 
TO     
Correlation Coefficient .12 1.00 -.02 -.20 
Sig. (2-tailed) .57 . .94 .36 
N 24 24 24 24 
AL     
Correlation Coefficient .09 -.02 1.00 .05 
Sig. (2-tailed) .67 .94 . .82 
N 24 24 24 24 
MSEL ELC     
Correlation Coefficient .10 -.17 .05 1.00 
Sig. (2-tailed) .64 .36 .82 . 
N 24 24 24 24 
 
 
Influence of IBR scores on the predictive value of the CRI 
Before any IBR scores were added to the CRI, predictive value of the pilot CRI 
was first investigated to provide a baseline value for later comparison. Risk markers were 
summed across gender, AOSI, MSEL Verbal IQ and MSEL Gross Motor to create a 
cumulative risk score for each individual participant. Binary logistic regression showed 
that this cumulative risk model was significant (X2(1)=17.50, p<.001; OR=3.63) (Table 
16). This pilot CRI model explained 28.3% of the variance (Nagelkerke R2) (Wuensch, 
2014) in ASD outcome. High classification accuracy for HRA-ASD was found (95.1%), 
however accuracy for HRA+ASD was low (19%). Thus, this model has high specificity, 
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but low sensitivity to ASD diagnostic outcome (Table 15). In this pilot CRI model, 
cumulative risk scores are functioning as expected, given that as cumulative risk scores 
increase, the odds of developing ASD also increase.  
 
Table 15. Classification table for Pilot CRI. 
 
Predicted   
Observed No-ASD 
(N) 
ASD 
(N) 
Percentage Correct 
(%) 
No-ASD 58 3 95.1 
ASD 17 4 19.0 
Overall Percentage  75.6 
 
 
Table 16. Variables in the equation for Pilot CRI. 
 
95% C.I. for EXP(B)   
B 
 
S.E. 
 
Wald 
 
df 
 
Sig. 
 
Exp(B) Lower Upper 
CRI 1.29 .36 13.09 1 .00 3.63 1.81 7.30 
Constant -2.91 .64 20.56 1 .00 .05  
 
 
Since AE was the only IBR factor that was found to be significantly different for 
HRA+ASD infants, this was the only temperament factor added to the pilot model of the 
CRI. We could not find any literature to guide the determination of an appropriate cut-off 
for the IBR. Therefore, we chose to establish the cut-off at the lowest 10th percentile, with 
scores below this AE z-score coded as a risk (i.e. score of -.9873 or lower). This decision 
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was based on the approach used for other measures that have a similar format to the IBR 
(i.e. the ITSEA and the CSBS). 
To establish a CRI that included AE risk, cumulative risk scores were determined 
by summing across gender, AOSI, MSEL Verbal IQ, MSEL Gross Motor and IBR AE 
binary risk scores. Binary logistic regression revealed that this model was significant, 
X2(1)= 15.13, p<.001; or =3.15 (Table 18). This model of the CRI explained 26.3% of the 
variance (Nagelkerke R2) in ASD outcome. Classification accuracy for HRA-ASD was 
high, at 93.2%, but classification accuracy for HRA+ASD was still low, at 26.3% (Table 
17). Therefore, similarly to the pilot model, this model of the CRI has high specificity, 
but low sensitivity.  
 
Table 17. Classification table for CRI model that includes AE. 
 
Predicted   
Observed No-ASD 
(N) 
ASD 
(N) 
Percentage Correct 
(%) 
No-ASD 47 2 95.9 
ASD 12 5 29.4 
Overall Percentage   78.8 
 
 
Table 18. Variables in the equation for CRI model that includes AE. 
 
  
B 
 
S.E. 
 
Wald 
 
df 
 
Sig. 
 
Exp(B) 
CRI 1.13 .36 9.90 1 .00 3.10 
Constant -2.75 .68 16.42 1 .00 .06 
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Table 19.  Number of participants in HRA-ASD group without risk markers versus 
with risk markers. 
 
*Percents do not add to 100% for each measure due to missing data from participants. 
 
 
Table 20.  Number of participants in HRA+ASD group without risk markers versus 
with risk markers. 
 
 
*Percents do not add to 100% for each measure due to missing data from participants. 
 
 Gender AOSI 
Risk 
MSEL Verbal 
IQ Risk 
MSEL Gross 
Motor Risk 
IBR AE 
Risk 
Without risk 
markers (N) 
38 63 49 45 56 
Without risk 
markers (%)* 
57.6% 95.5% 74.2% 68.2% 84.8% 
With risk 
markers (N) 
28 - 15 18 6 
With risk 
markers (%)* 
42.4% - 22.7% 27.3% 9.1% 
 Gender AOSI 
Risk 
MSEL Verbal 
IQ Risk 
MSEL Gross 
Motor Risk 
IBR AE 
Risk 
Without risk 
markers (N) 
8 21 9 10 18 
Without risk 
markers (%) 
33.3% 87.5% 37.5% 41.7% 75% 
With risk 
markers (N) 
16 2 15 12 4 
With risk 
markers (%) 
66.7% 8.3% 62.5% 50% 16.7% 
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Further analyses were then run to determine which risk markers actually 
contribute to the predictive value of the CRI models. Table 19 and Table 20 reveal that at 
the descriptive statistics level, only MSEL Verbal IQ risk and MSEL Gross Motor risk 
follow the expected pattern for a risk marker. Specifically, there is a higher percent of 
presence of risk marker in the HRA+ASD group for these two variables.  
To determine the contribution of each variable to the CRI, individual predictors 
(rather than summed score) of gender, MSEL Verbal IQ, and MSEL Gross Motor were 
added to the model. AOSI was excluded because there were too few cases of this variable 
with risk markers to make predictions. This model was significant, X2(1)=20.17, p<.001 
and explained 32.1% of the variance in ASD outcome. Classification accuracy for HRA-
ASD was 93.4% and classification accuracy for HRA-ASD was 33.3% (Table 21). When 
the contribution of individual predictors was examined, it was revealed that only MSEL 
Verbal IQ and MSEL Gross Motor scores significantly added to the predictive value of 
this model (p=.01 and p=.03, respectively). When all other variables were held constant, 
gender did not significantly contribute to the model (ps> .1) (Table 22). 
 
Table 21. Classification table for individual predictors for pilot CRI model. 
 
Predicted   
Observed No-ASD 
(N) 
ASD 
(N) 
Percentage Correct 
(%) 
No-ASD 57 4 93.4 
ASD 14 7 33.3 
Overall Percentage   78.0 
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Table 22. Variables in the equation for individual predictors for pilot for CRI 
model. 
 
95% C.I for 
EXP(B) 
  
B 
 
S.E. 
 
Wald 
 
df 
 
Sig. 
 
Exp(B) 
Lower Upper 
Gender .85 .60 1.97 1 .16 2.32 .71 7.50 
MSEL Verbal 
IQ risk 
1.66 .60 7.70 1 .01 5.28 1.63 17.07 
MSEL Gross 
Motor risk  
1.35 .60 5.05 1 .03 3.84 1.19 12.40 
Constant -2.87 .64 20.08 1 .00 .06   
 
 
 Next, individual predictors, rather than summed scores, of gender, MSEL Verbal 
IQ, MSEL Gross Motor, and IBR-AE were investigated in the model to determine which 
variables added predictive value to this version of the CRI. This model was found to be 
significant, X2(1)=16.70, p=.002 and explained 27.9% of the variance in ASD outcome. 
Classification accuracy for HRA-ASD was 93.3% and classification accuracy for 
HRA+ASD was 25% (Table 23). When the contribution of individual predictors was 
investigated, again only MSEL Verbal IQ and MSEL Gross Motor were found to 
significantly add predictive value to the model (p=.02 and p=.03, respectively). When all 
of the other variables were held constant, gender (p=.17) and IBR AE (p=.15) did not 
significantly contribute to the model (ps>.1) (Table 24). 
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Table 23. Classification table for individual predictors for CRI model that includes 
AE. 
 
Predicted   
Observed 
No-ASD 
(N) 
ASD 
(N) 
Percentage Correct 
(%) 
No-ASD 56 4 93.3 
ASD 15 5 25 
Overall Percentage   76.3 
 
 
Table 24. Variables in the equation for individual predictors for CRI model that 
includes AE. 
 
95% C.I for 
EXP(B) 
  
B 
 
S.E. 
 
Wald 
 
df 
 
Sig. 
 
Exp(B) 
Lower Upper 
Gender .83 .60 1.92 1 .17 2.30 .71 7.47 
MSEL Verbal 
IQ risk 
1.47 .61 5.83 1 .02 4.34 1.32 14.29 
MSEL Gross 
Motor risk 
1.32 .59 5.01 1 .03 3.75 1.18 11.91 
IBR AE risk 1.21 .83 2.12 1 .15 3.35 .66 17.01 
Constant -2.90 .66 19.44 1 .00 .06   
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DISCUSSION 
 
 This study investigated early temperament in ASD by using a revised version of 
the IBR as a direct assessment of TO, AE, and AL behaviors in HRA infants. Through 
this, we hoped to reveal group differences in IBR scores, establish a relationship between 
IBR scores and MSEL test performance, and increase predictive value of the CRI when 
IBR scores were included. Each of these topics will be discussed individually below. 
 
Group Differences on IBR Scores 
When comparing temperament in HRA infants to temperament in LRC infants, no 
significant differences were found on the three IBR factors of TO, AE and AL (Tables 4 
and 5). Thus, this study suggests that high-risk infants have a fairly similar temperament 
profile as low-risk infants at 12-months of age. This is somewhat surprising, since 
previous studies have reported various group differences between HRA and LRC infants 
in temperament behaviors that are similar to the ones investigated in this study (Bostrom 
et al., 2010, Clifford et al., 2013, Del Rosario et al., 2013).  
The finding of no group differences in HRA and LRC infants on the TO factor 
was unexpected (Table 4 and 5). This is in light of the fact that Clifford et al. (2013) 
reported that HRA infants were found to have more difficulty shifting attention than TD 
controls. The attention span and object orientation scales found in the TO factor of the 
IBR involve aspects of attention shifting. Therefore, the TO factor would have been 
expected to be high (representative of sustained interest and/or attention) for HRA infants 
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compared to LRC infants if this group had difficulty shifting attention. Since no 
significant group differences were found on the TO factor, it appears that this sample of 
HRA infants did not display the difficulty in shifting attention that the Clifford et al. 
(2013) study found. This discrepancy could be due to the fact that attention shifting was 
not looked at individually in this study, but instead was included as a component of the 
larger temperament factor of TO. Therefore, if differences were present in attention 
shifting in this sample of HRA infants, they may have been overpowered by other factors 
involved in TO. Another possibility for the discrepancy is that the Clifford et al. (2013) 
study relied on parent-report measures, while our study used the IBR to allow for direct 
examiner observation and ratings of infant temperament. Therefore, the differences in 
this finding could be related to the differences in the research designs of the two studies.  
Previous studies of AL in HRA infants have been inconclusive in their findings. 
For example, Del Rosario et al. (2013) observed increased activity level in HRA infants 
at 6 and 12 months of age. However, Bostrom, Broberg & Hwang (2010) reported 
decreased activity level in infants 5-79 months old. Our study found no differences on the 
IBR factor of AL between HRA and LRC groups (Tables 4 and 5). Since there is 
discrepancy regarding AL in HRA infants, the finding of no significant differences 
between groups is not surprising. The lack of consistent findings for AL in HRA infants 
may suggest that at 12 months of age, the level of activity is not a shared behavior among 
infants in this group. Inconsistent findings for AL could also be a reflection of differences 
in study design. For example, this study implemented an examiner’s direct assessment of 
AL while infants participated in a cognitive assessment. Thus, the AL displayed during 
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the testing session may not have been a true reflection of the infant’s general level of 
activity, which a parent would take into consideration for parent-reports, like those used 
in Del Rosario et al. (2013) and Bostrom et al. (2010).   
Our finding of no group differences between HRA and LRC infants on the IBR 
factor of AE is consistent with previous studies that examined behaviors in this 
temperament domain (Tables 4 and 5). Specifically, Clifford et al. (2013), who used 
parent-report as a measure of temperament, reported that no differences emerged between 
HRA and LRC groups when investigating affect in a sample of 24-month old infants. 
Though further research is needed to replicate these findings at both 12 and 24 months of 
age, it appears that affect/extraversion does not differentiate the HRA group from the 
LRC group during the first 2 years of life. 
The finding that TO, AE and AL temperament factors do not significantly differ 
in HRA infants and LRC infants could have important implications when considering the 
Broader Autism Phenotype (BAP). Since HRA infants were similar to LRC infants in 
these three IBR factors, it is possible that these temperament behaviors are not important 
components of the BAP. Further research is needed to examine the role of temperament 
in the BAP, both at the behavioral level and at the neurocognitive level in order to clarify 
the role of temperament in the development of ASD.  
Interestingly, when the HRA group was broken down to a finer level based on 
diagnostic outcome, differences in IBR temperament factors emerged (Tables 6, 7 and 8). 
Though no significant differences were found between HRA+ASD, HRA-ASD and LRC-
ASD groups on the factors TO and AL, significant group differences were found on the 
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factor AE. Namely, HRA+ASD infants scored significantly lower on the AE factor when 
compared to LRC-ASD infants, and nearly significantly lower when compared to HRA-
ASD infants. This finding suggests that HRA+ASD infants are characterized by lower 
test affect/extraversion behaviors, including increased avoidance/withdrawal, less 
involvement in the social give and take of the testing situation, more fearfulness, and 
reduced general emotional tone than their peers that do not go on to develop ASD.  
 It is interesting that this study found no group differences between HRA+ASD, 
HRA-ASD and LRC-ASD infants on the TO factor of the IBR (Tables 6, 7 and 8). This is 
in light of the fact that Clifford et al. (2013) reported that HRA+ASD infants were 
characterized by both decreased persistency and increased duration of attention when 
compared to HRA-ASD infants and TD infants. Since attention span and goal 
directedness (persistence) were rated on individual scales for the IBR and then averaged 
together (with object orientation) to yield the TO score, it is possible that the TO score 
was not reflective of differences in the individual scales. Thus, though the individual 
characteristics that make up the TO factor may vary in HRA+ASD, HRA-ASD, and 
LRC-ASD infants, this overall temperament factor does not seem to differ between 
outcome groups. Further research should investigate whether subscales that make up the 
TO factor differ between ASD diagnostic outcome groups.  
 Of the studies conducted on temperament in HRA infants, few have focused on 
differences in AL based on outcome group. The present study found no group differences 
for the IBR factor of AL in HRA+ASD, HRA-ASD, and LRC-ASD (Tables 6, 7 and 8). 
Our finding could expand upon the Brock et al. (2012) study that investigated activity 
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level in HRA infants at various ages. The study found few differences between 6-month-
old infants who went on to receive an ASD diagnosis and those who did not (Bolton et 
al., 2012). However, by 24 months of age, increased activity was found in the HRA+ASD 
group compared to the HRA-ASD group (Bolton et al., 2012). Thus, it is possible that 
activity level does not distinguish HRA+ASD infants from HRA-ASD infants during the 
first year of life, but over the course of development changes in activity level begin to 
differentiate these two groups. This hypothesis is in accordance with the research on 
children with ASD aged 3-12 years old, who are reported to display increased activity 
levels when compared to TD peers (Garon et al., 2008). Further research is needed on the 
developmental trajectory of AL in HRA infants to determine its role in distinguishing 
children who develop ASD from those who do not.  
 The findings from this study that reveal lower scores for HRA+ASD infants on 
the AE factor when compared to LRC-ASD and HRA-ASD infants is in agreement with 
previous findings from multiple studies (Tables 6, 7 and 8). For example, one 
retrospective study of early home videos reported reduced positive affect in infants that 
were later diagnosed with ASD (Zwatgenbaum et al. 2013). Another study that 
specifically investigated temperament in the first year of life in HRA infants, found that 
infants later diagnosed with ASD displayed lower motivation to interact with others when 
compared to TD controls (Garon et al., 2008). Two studies that employed parent-report 
for temperament data also found that at 24 months HRA+ASD infants displayed higher 
levels of overall negative affect than TD infants and HRA-ASD infants (Del-Rosario et 
al., 2013, Clifford et al., 2013). Therefore, interestingly, multiple studies that have 
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employed various methods for collecting temperament data have repeatedly found that 
reduced affect and extraversion behaviors are specific to HRA infants developing 
towards ASD diagnostic outcome. A low score on this IBR factor, therefore, seems to 
have potential to act as an early behavioral risk marker for HRA infants who go on to 
receive an ASD diagnosis.  
 
Relationship of IBR score and MSEL score 
To shed light on the general relationship between temperament and performance on 
cognitive test assessment, all participants, regardless of group, were initially considered. 
This study found that overall, infants’ TO and AE behaviors were positively correlated 
with MSEL ELC performance. However, infant AL scores appear to have no relationship 
with MSEL ELC scores (Table 9). Thus, this study suggests that in general, infants who 
are more task-oriented and more extraverted tend to perform better on the MSEL 
assessment.  
Intuitively, all three of the relationships that were found between the IBR factors and 
the MSEL ELC scores are logical. For example, it is reasonable to assume that infants 
with higher goal-directedness, persistence and attention span perform better during an 
assessment that involves such tasks as stacking blocks, nestling cups and completing a 
puzzle. It is also logical that an infant that is more extraverted, less fearful, happy and/or 
enjoys the give and take with the examiner performs better on the MSEL than their more 
inhibited counterparts. This is because infants who are avoidant, fearful, unhappy and/or 
resistant to examiner requests are less engaged in the tasks of the assessment and often do 
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not fully complete specific tasks. The finding that AL was not representative of test 
performance can be explained by the adaptations employed in the testing session to meet 
the needs of the individual infant. During administration of the MSEL, infants, for the 
most part, were seated at a table either on their parent’s lap or strapped into an infant 
hook-on highchair. However, various accommodations were made for many infants 
including: breaks, moving the testing to the floor, and allowing infants to climb on/sit on 
the table. These accommodations allowed infants of varying activity levels to complete 
the MSEL tasks in a manner that was best suited to their needs. Thus, an MSEL score 
may not have been reflective of an infant’s activity level during the testing session.  
These findings are also in some agreement with the study conducted by Matheny et 
al. (1974), which investigated the relationship of IBR scores with mental test scores in 
infants during the first year of life (Matheny, Dolan & Wilson, 1974). Similarly to the 
findings of this study, the Matheny et al. (1974) study found moderate to strong 
associations between TO behaviors and mental test scores. The Matheny et al. (1974) 
study also found that higher AE scores for females correlated with higher mental test 
scores, but not for males. Comparisons of the present study and the Matheny et al. (1974) 
study seem to be in agreement, and thus it appears that overall, infants with higher TO 
and AE behaviors perform better during a testing session.  
 In order to determine if the relationship of temperament and cognitive test 
performance varies in HRA infants, participants were divided into HRA and LRC groups. 
Comparison of these two risk groups showed that the TO and AE factors continued to be 
positively correlated with MSEL ELC scores for both HRA and LRC groups, and that the 
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AL factor continued to have no significant correlation with cognitive performance 
(Tables 10 and 11). Therefore, it appears that there are no group differences in the 
relationship between temperament and cognitive assessment performance, since both 
high-risk infants and low-risk controls performed better on the MSEL if they had high 
task orientation and high affect/ extraversion behaviors. There are no other known studies 
that have investigated the relationship of temperament and cognitive assessment 
performance in HRA infants, therefore, it will be important for these findings to be 
replicated by other studies.  
The relationship of temperament and cognitive test performance was then 
investigated at the level of outcome groups to determine whether infants who went on to 
receive a diagnosis of ASD differed in their experience of a testing session. When the 
HRA group was broken down based on outcome, TO and AE continued to be positively 
correlated with MSEL ELC scores for the LRC-ASD group and the HRA-ASD group, 
but not for the HRA+ASD group (Tables 12, 13 and 14). Thus, it appears that infants 
who do not go on to receive a diagnosis of ASD, regardless of high risk or low risk, have 
a similar relationship of temperament behaviors and cognitive assessment performance. 
Namely, as found with the broader groups above, the infants who were more task-
oriented and displayed higher affect/extraversion behaviors tended to perform better on 
the MSEL. It is especially important to note that the LRC-ASD group and the HRA-ASD 
also shared the characteristic of higher AE scores on the IBR. Thus, the two groups that 
are characterized by no ASD outcome and increased affect/extraversion behaviors display 
 47 
a similar positive relationship between temperament and cognitive test performance, as 
would be expected.  
The HRA+ASD group, however, displayed a different relationship for IBR scores and 
MSEL ELC scores than all of the other groups in this study. Unlike the other groups, 
none of the IBR factors were correlated with MSEL ELC scores for HRA+ASD infants 
(Table 14). Thus, it appears that TO, AE and AL behaviors are not correlated with 
HRA+ASD infant’s performance on a cognitive assessment. This finding is interesting, 
both because it is unique to the HRA+ASD group and because it contradicts the predicted 
relationship of temperament behaviors and cognitive assessment performance. Since the 
HRA+ASD group was characterized by significantly lower affect/extraversion behaviors, 
it was predicted that these behaviors would disrupt the testing session and lead to lower 
MSEL scores. However, there was no relationship found between temperament and 
cognitive test performance in this group of HRA+ASD infants. This finding could 
suggest that there is a different set of mechanisms employed during a testing session for 
HRA+ASD infants. It is possible that other behaviors in HRA+ASD infants compensate 
for the deficit in AE behaviors during a testing session. 
Since this is the first study to examine the relationship of temperament and cognitive 
test performance in HRA infants, it is difficult to draw conclusions about these findings. 
Further research is needed to replicate these findings, and to shed light on the underlying 
mechanisms employed in a testing session for each outcome group. One possibility is that 
behaviors not examined in this study have stronger correlations with MSEL ELC 
performance than TO, AE, and AL for HRA+ASD infants. Further investigation into 
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which behaviors are positively correlated with cognitive assessment performance for 
infants who go on to receive an ASD diagnosis is needed. This could provide insight into 
which behaviors HRA+ASD infants employ during a testing session that either enhance 
or disrupt their testing performance.  
The importance of studying temperament affects on cognitive test performance lies 
in the fact that scores from these assessments are often used in interpreting functioning 
level of infants (Kern Koegel et al., 1997). For example, the MSEL is generally used to 
evaluate cognitive development (Akshoomoff, 2006). Therefore, a test result that 
underestimates the child’s functioning level could result in inappropriate early 
intervention planning for the child (Kern Koegel et al., 1997).  
 
Influence of IBR scores on the predictive value of the CRI 
In light of the fact that only AE differentiated the HRA+ASD group from the other 
outcome groups, this was the only IBR factor assessed as a component for the CRI. By 
comparing the pilot CRI to the CRI that contained AE risk, it became apparent that the 
inclusion of AE risk led to slight changes in the predictive value of the pilot CRI model. 
Specifically, HRA-ASD classification accuracy decreased from 95.1% in the pilot CRI to 
93.2% in the CRI model that incorporated AE risk (Tables 15 and 17). HRA+ASD 
classification accuracy increased from 19% in the pilot CRI model to 26.3% in the CRI 
model that incorporated AE risk (Tables 15 and 17). Thus, these findings suggest that the 
inclusion of AE risk into the CRI moderately improved the model’s ability to correctly 
identify HRA infants who go on to receive a diagnosis of ASD, but this came at the 
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expense of impairing the model’s ability to pick up HRA infants who do not go on to 
receive an ASD diagnosis. Overall, classification accuracy for HRA+ASD infants 
remained relatively low even when AE-risk was incorporated into the CRI model.  
To gain a better understanding of whether AE risk truly added predictive value to the 
pilot CRI model, we examined the variables as individual predictors. This analysis led to 
the finding that for both the pilot CRI and the CRI that incorporated AE risk, only the risk 
variables of MSEL Verbal IQ risk and MSEL Gross Motor risk contributed significantly 
to the prediction of diagnostic outcome. Therefore, AE risk does not seem to add 
predictive value to the CRI model. This finding leads to the assumption that temperament 
risk, as measured by the IBR, is not powerful enough to add value to the CRI, and thus 
should not be incorporated into the combination of risk markers involved in this model. 
Instead, only MSEL Verbal IQ and MSEL Gross Motor risk seem to add predictive value 
to the CRI, and thus these two variables should remain in future CRI models for ASD. 
This finding is in line with the study by Zwatgenbaum et al. (2013), which found that 
infants later diagnosed with ASD are characterized by patterns of developmental delay 
specifically in the areas of language and motor development.  
Thus, though slight improvements were made in the classification accuracy of 
HRA+ASD infants with the inclusion of AE in the CRI model, our findings suggest that, 
by and large, temperament does not significantly improve the predictive value of the CRI 
for diagnostic outcome in HRA infants. Though low AE scores differentiated the 
HRA+ASD group from the other outcome groups, the predictive value of this risk marker 
was not significant. This finding is important as it highlights the limitations of relying on 
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a single early behavioral risk marker for predicting ASD diagnostic outcome. This 
finding demonstrates the need to investigate combinations of risk markers that have more 
power to identify infants who will go on to develop ASD than any single risk marker will 
be able to do alone. Though the notion of a CRI for ASD is fairly new, it will be 
increasingly important for researchers to consider combinations of risk markers in order 
to improve diagnostic age for ASD. Future research efforts should work to develop a CRI 
model for 12-month-olds that offers optimal predictive value  
 
Limitations of this study 
 
 All of the findings from this study rely on IBR scores as a measure of infant 
temperament. The IBR was employed in this study in hopes of reducing the biases 
associated with parent-report and retrospective home video analysis. However, there are 
some constraints associated with deriving temperament scores from laboratory 
assessments like the IBR. One limitation is the degree to which the child’s behavior 
during the lab assessment is reflective of the infant’s temperament pattern in various 
situations outside the research setting. Another constraint of this study is the problem of 
repeated testing effects. This is because the MSEL was often administered directly after 
the completion of another assessment (AOSI or CSBS). Therefore, some infants were 
exhausted from the demands of the prior test, and their behavior may not have been an 
accurate representation of their temperament profile.  
Small sample size was another limitation of this study. Specifically, analyses run 
in outcome groups may be misrepresentative, since only 24 HRA+ASD infants exist in 
that specific group.  
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Conclusions 
 This study offers a direct examiner assessment of infant temperament for HRA 
infants during the first year of life through the use of the IBR. The findings indicate that 
during the first year of life, none of the IBR temperament factors distinguish high-risk 
infants from low-risk infants. The analysis of group differences at the level of diagnostic 
outcome reveal that of the three IBR factors examined, only low affect/extraversion 
behaviors seem to differentiate HRA infants who go on to receive a diagnosis of ASD.  
 This study also provides insight into the relationship of temperament and 
cognitive assessment performance for infants in general and for HRA infants through the 
comparison of IBR and MSEL test scores. The findings show that TO and AE behaviors 
are positively correlated with cognitive assessment scores for all infants except those 
belonging to the HRA+ASD group. The HRA+ASD group was uniquely characterized by 
no correlations between IBR temperament factors and cognitive assessment performance. 
This could suggest that during a testing session, HRA+ASD infants implement different 
mechanisms to complete the task at hand than infants who do not receive an ASD 
diagnosis.  
The IBR temperament scores also allowed this study to investigate whether 
temperament risk adds predictive value to a CRI for ASD. Since affect/extraversion was 
the only IBR factor that was found to have potential as an early behavioral risk marker 
for the HRA+ASD group, this was the only factor added to the CRI. The findings of this 
study showed that when AE risk was added to a pilot CRI model, it did not add predictive 
value for ASD diagnostic outcome. Thus, though low affect/extraversion characterizes 
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the HRA+ASD group, it is not a powerful early risk marker since it dose not add 
predictive value to a CRI for this disorder.  
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APPENDIX 
 
Bayley’s Infant Behavior Record 
(adapted for coding Mullen Scales of Early Learning for the Infant Sibling Project, 
December 2014) 
 
ID: __________________  Age: __________________  Coder: __________________ 
 
INSTRUCTIONS: For each rating scale, circle the number next to the one statement that best describes the 
child’s behavior. Please use space below each rating scale to check relevant behaviors and/or write 
clarifying descriptive notes. 
 
Affect/Extraversion: 
 
2) SOCIAL ORIENTATION: Responsiveness to examiner 
1 Avoiding or withdrawn 
 2 Hesitant 
 3 Accepting 
 4  Friendly 
 5 Inviting (initiating, demanding) 
____Freezes 
____Frowns 
____Watches warily 
____Brightens 
____Smiles 
____Laughs 
____Vocalizes 
____Fusses 
____Hides and peeks 
 
4) COOPERATIVENES: Cooperation with examiner, based on interpersonal reactions  
 1 Resists all suggestions or requests 
 2 Does not cooperate 
 3 Refuses or resists one or two specific tests or refuses to cooperate during part of the  
session (e.g. initially, or towards the end), or refuses to attempt the more difficult items  
he is likely to fail 
 4 Between 3 and 5 
 5 Responds to or accepts the test materials or situation; neither cooperative nor resistant in  
relation to examiner 
 6 Between 5 and 7 
 7 Seems to enjoy the give-and-take with the examiner in the testing situation 
 8 Between 7 and 9 
 9  Very readily and enthusiastically enters into suggested games or tasks 
____Refuses test materials 
____Turns away 
____Says “No” 
____Pushes toys away 
____Says “No” but does task 
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____With a magic word like “Okay” will confirm 
____Continues “games” (e.g., ball throw) once started 
____Initiates game involving examiner 
____Other (Specify): 
 
5) FEARFULNESS: Reaction to the new or strange; e.g., strangers, strange surroundings, test materials  
 1 Accepts the entire situation with no evidence of fear, caution, or inhibition of actions 
 2 Between 1 and 3 
 3 Some slight vigilance, and restrained behavior in the first few minutes 
 4 Between 3 and 5 
 5 Behavior is affected by the new and strange, but just moderately and for approximately  
the first third of the testing period 
 6 Between 5 and 7 
 7 Shows evidence of being bothered by the strange situation or persons much of the period 
 8 Between 7 and 9 
 9 Strong indication of fear of the strange, to the extent that he cannot be brought to play or  
respond to the tests 
____Uninhibited    After initially test period, does the child engage in easy play?  
____Reckless     ____Yes ____No 
____Outgoing    If “No,” describe signs of persistence of fearfulness: 
____Calm     ____Continued inhibition 
____Wary     ____Cautious play 
____Quietly alert     ____Overexcited activity 
____Apprehensive expression   ____Other (Specify): 
____Reduced activity 
____No vocalizations 
____Turns to mother 
____Clings to mother 
____Withdraws from examiner 
____Cries 
____Vocal protests 
____Other (Specify): 
 
7) GENERAL EMOTIONAL TONE: Degree of happiness 
 1 Child seems unhappy throughout the testing period 
 2 Between 1 and 3 
 3 At times rather unhappy, but may respond happily to interesting procedures 
 4 Between 3 and 5 
 5 Moderately happy or contented; may become upset, but recovers fairly easily 
 6 Between 5 and 7 
 7 Generally appears to be in a happy state of well-being 
 8 Between 7 and 9 
 9 Radiates happiness; nothing is upsetting; animated 
____Cries     Describe any disturbing incidents or conditions: 
____Fusses 
____Whines 
____Listless droop 
____Protests 
____Frowns 
____Unhappy expression 
____Non-expressive 
____Smiles 
____Coos or babbles with happy intonations 
 55 
____Laughs 
____Squeals 
____Crows 
____Animated expressions 
____Other (Specify): 
 
Task Orientation: 
 
8) OBJECT ORIENTATION: Responsiveness to objects; toys or tests materials  
 1 Does not look at or in any way indicate interest in objects 
 2 Between 1 and 3 
 3 When given materials, glances at them and holds them briefly but does not exploit them 
 4 Between 3 and 5 
 5 Plays with materials when presented; discards or loses interest in each after a brief  
reaction 
 6 Between 5 and 7 
 7 Sustained interest in the test materials, in each new one in turn as presented 
 8 Between 7 and 9 
 9 Reluctantly relinquishes test materials  
____Touches 
____Manipulates 
____Examines 
____Mouths 
____Throws 
____Bangs 
____Relates 2 objects 
____Reaches for 
____Asks for 
____Cries for 
____Clings to 
____Offers to person 
____Other (Specify): 
 
11) GOAL DIRECTEDNESS: Persistence in goal-directed effort 
 1 No evidence of directed effort 
 2 Between 1 and 3 
 3 Makes a few attempts at a goal, but is easily distracted or does not show interest in  
carrying to completion (e.g., attaining an object, solving a problem) 
 4 Between 3 and 5 
 5 Makes fairly persistent efforts towards a goal, or repeated attempts to achieve a goal (e.g.,  
to attain an object of interest) 
 6 Between 5 and 7 
 7 Persistent efforts to reach goal or solve a problem 
 8 Between 7 and 9 
 9  Compulsive absorption with a task until it is solved 
____Tries to retain test materials   Describe any typical goal-directed behaviors,  
____Becomes angry at failure   giving quality of actions: 
____Expresses satisfaction with success 
____Elated with achievement  
____Repeats successful acts 
____Talks about task 
____Asks for help 
____Whines at difficulty 
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____Cries 
____Other (Specify): 
 
12) ATTENTION SPAN: Tendency to persist in attending to any one object, person or activity, aside from 
attaining a goal  
 1 Fleeting attention span 
 2 Between 1 and 3 
 3 Attends to a toy, task or person, but is easily distracted 
 4 Between 3 and 5 
 5  Moderate attention to each new toy, person, or situation; soon ready for another 
 6 Between 5 and 7 
 7 Continues interest in persons, tasks or things for rather long periods 
 8 Between 7 and 9 
 9  Long-continued absorption in a toy, activity or person 
 
Activity Level: 
 
14) ACTIVITY: Amount of gross bodily movement  
 1 Stays quietly in one place, with practically no self-initiated movement 
 2 Between 1 and 3 
 3 Usually quiet and inactive but responds appropriately in situations calling for some  
activity 
 4 Between 3 and 5 
 5 Moderate activity; enters into games with freedom of action 
 6 Between 5 and 7 
 7 In action during much of the period of observation 
 8 Between 7 and 9 
 9 Hyperactive; cannot be quieted for sedentary tests 
____Face and head movements   Note any peculiarities in motor activities: 
____Hand movements 
____Waves arms 
____Squirms 
____Rolls 
____Kicks 
____Twists 
____Creeps 
____Runs 
____Climbs 
____Jumps 
____Bounces 
____Other (Specify): 
 
21) SENSORY AREAS OF INTEREST DISPLAYED: Body Motion  
         (None)             (Excessive) 
  1 2 3 4 5 6 7 8 9 
 
25) ENERGY AND COORDINATION FOR AGE: Level of energy  
 Note—Ratings for this should be estimated in relation to other children of the child’s age 
          (Low)             (High) 
  1 2 3 4 5 
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